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Introduction

rnT.or is orrani:ied ar followo. Part one rTesents the research
rationale. '1'he rroLler: frcr cccio1oict1, readinr research, and cross-cu1-
turs.11 lorneotiven 3n identified; t:le reserch cllectives are fornulated;

the throe arrurents corFo::irr the exploratory frarework of the trIture
of scholatic Terfor7aroe aro introduced; rarely, the socializinc dif!'orencen,
:ancnre factcr, and rlaretinn thinkinr stare arrliments. Part t;.: in eon-
!,en,d or three :-utnection::: ONe formulatinr ,,:11 auxiliary rodel; one desorit-

the rcHe of are3vnin; and one prenentinr the rerearch renultn. Part
t'leyrr't!c7.1 l!rr1 icatior:1 nC tr rennIt:: and

T. 7 j (;,1. j r

e ianvuaro factor:- arr.:,:rent, which central to the rurpose :-. cf this
r.alor. in intended to i.orularine the work of E,L. (197-3-74) and

r'oodan (l(9, 1,=)70, nnd to underline the inTortance of ti:e
c,,riarative roadinc- Tornfective terun (Iray (1950 arif extended ly Tnorndike
(i)7'a) an.1 I,owLinr (].7%7.

:.rateful to the orrarinerr of the Intennatiera1 Fr:afInr
:H4h rr. 1e71Ainr for the ciTortlinitv to rarticil'ate. lhankr

cc +i0 Gf tLe Tnterrational !'or tne Tr:valuation
ir7Lirt (IIA, under uncif:e ices the data ured, in tni5
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I. RE:FARCE RATIOr:ALE

The Fro.blem

The problem is identified from three perspectives: the sociological,

readinr research, and cross-cultural. The raper focuses on the problem or

tryiLr to identify a se of common eJerents which explain the variability

ir the multiple subject-matter outcomes of schooling. Four sociological

emphases in addressing this problem, and three asso6iated conseauences are

briefly referred to.

IL the first place, the sociologists' primary concern in addressing

the cognitive outcomes of schooling problem has been to promote particular

schools of sociological/social psychological thought. Each school has

identified one or more operationalized determinants of scholastic achieve-

ment congruent with its theoretical emphasis, which intervene between the

home backgrounds of pupi2s and their eventual subject-matter competencies.

:7econdly, increased emphasis on the inequality theme in education, has

resulted in close examination of the stratifying effects of differential

group memberships - socioeconomic status, sex, ethnicity/race, and inner-city/

suburban/nonurban residence - on a range of intellectual competencies. The

notion is that equal educational cpFortunity exists, if, and only if, the

criteria used in determining educational access and performance are mad

without reference to group mf?mberships; that is, where group membership

achl,-vcmcnt rclationHi:ps arc effectively 7.ere.

It in noted, third, thet sociological research into thf.ce matters has

reprr-sented discipline-oriented, in contrast with policy-oriented, research.

Problems originate in the discipline or, more accurately, the "school of

thought" within the discipline. Research results are used to exterd dis-

c:plinar frontiers, to enhance personal academic reputations, and to main-

tain institutional prestige. Tbe rules of the academic games governing

comIetition for the scarce resources - colleaFue esteem, internatienal

recor,nitior, and research grants - were played in the familiar academic

arer a.

:ciirth, the iarve-scale research efforts in thit: direction, and the

host ef carlon-copy small scrile studies which fcllowed then, are well 1-7nown;



so are some of the disappointing social policy interventions which flowed

from them. One consideration accounting for the discouraging results of

educational policies designed to reduce educational inequalities through

the promotion of connensatery educational treatments, is that few of the

sociologically imtortant

relevance. Thus, though

group theories of school

vening variables such as

intervening variables have short-term policy

liosocial, symbolic interactionist or reference

achievement have generated operationalized inter-

(a) ability and motivation, (b) self concept and

teacher prophecies, (c) significant other's influence and aMbition respec-

tively, they have proved little more manageable by policy-makers

educational practitioners than "fixed" or noncontrollable social

factors.

The doctrinal

of which the Black.

:-uch as Bowies anA

and

background

reactiens to educational reforms by the ultra-conservatives,

Faners in England are one example, and the new-marxists

Gintis in the United States, has created an unanticipated

pincer-like movement which remains unchallenged by the public schools. A

second consequence resulting from efforts to document school effectiveness

were the largely negative findings of the Coleman, et al. (1966) report and

the Jencks,et al.(1972)

While crisis symptoms abound, modest but positive responses representinr:

a middle-way per=;ist. One such procedure involves the monitoring of innova-

tive social policy legislation designed to solve problems. Evaluation of

innovation 1 rolli6":' nfl inormaiion 1,an which may l(!ari to further innovation

r,quirirr further r.vulnation and 2o on - n procedure leadinr to progressively

more rational solutions. Th i. '.ernational Association for the Evaluation of

Mucnti.onr1 Lchievement (IEA) has a mandate, through its charter, for such

action. In a reries of recent technical reports the predictive value of

IEA, incorperated in 1(1- undrr Belgian law, is a nonprofit, nongovernmental
organization which undertakes educational and related research on an inter-
national :;cale in ordPr to (a) examine educational problems common to many
countrirs, and (I') to provide evidence which nay help the improvement of
e1ucatirna1 oy:',trms. 7.1.a,lcr studies 1,y IEA analyr7ts include: Husen, (ed.)
vo1n. 1 & (19U7); the P1ocrr. Feport (19(9); Comher & Keeves (1973);
Thcrndike (197M); Furven (1973); Peaker (1975); Carrell (1975); Torney,
et al. (197(-); 14,..LL and rocad (197E); Passew, et al. (1976); and alker
(197t ).
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language factors in causal models of scholastic Performance has been noted.

In particular, the impact of reading competency on multiple subject-matter

achievements has been impressive.

Reading operates as an intervening variable in the 'structure of

scholastic performance in much the same way as some of the sociological

varialles except that it may be several times more powerful. Thus, the

inflItence of social background factors may be almost entirely mediated by

reading comprehension. One purpose of this study is to familiarize the

reading research community with recent IEA-related research in the reading

area.

From a reading research perspective we note that before the beginning

of the present decade, descriptions of the processes underlying the successful

acquisition of reading competencies were dominated by "basic skills" explana-

tions which were, for the most part, policy-oriented. Thus, the research

problems examined originated in the world of the educationa3 practitioner

and the research r,,,ults were destined for return to the real world of

educational practi;:e. D.H. Russell (1961) was representative of this approach,

which supported the notion that reading is best viewed as a precise process

involving the detailed and sequential perception and identification of letters,

words, spelling patterns, and large language units. The notion was congruent

with the belief that underlying comprehension in early reading are a number

of "basic skills" such as meaning vocabulary, word recognition, and grammati-

cal usage which constitute the key ingredients in the effective teaching of

reading.

W.' note, too, that psycholinguistic theories or reading behaviour have

been formulated in the interim which, it is claimed, constitute alternative

explanations of the reading process (cf. Athey, 1971). We have been particu-

larly impressed by the seminal work of the Goodman's, with Carolyn.Burke,

who stand with, say, Carroll and Smith, at the juncture of two disciplinary-

oriented traditions;
3 namely, that stemming from the work of cognitive psychol-

3 For representative examples of tbe work of the Goodman group see K. Goodman
(1969, 1970, 1972), K. Goodman and Burke (1969), Y. Goodman (1971), and
Y. Goodman and Burke (1972). For other examples of work in the Fs:%cho-
lini7uistic tradition applied to reading see Carroll (1970, 1971) and Smith
(1971, 1973, 1975).

6
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orists suPh as, Hochberg an Kolers, and that stemming fro= the work of

structural linguists such as Bloomfield, Fries, and Lefevre, and the trans-

formational linguists such as Wardhaugh.
4

In contrast with "basic skills"

explanations, psycholinguists conceptualize reading as a selective procedure;

as one in which the reader uf;es only part of what is on the printed rage,

plus what he already knows about the structure of language, and whatever

background knowledge and experience he can marshal in order to gain meaninm,

from graphic display.

Thus, the Goodman's posit that reading involves more than merely the

identification of letters and words plus their associated meanings in a

precise and sequential'manner. Father, they note and demonstrate that reading

involves the utilization of three cueing strategies in the selective process-

ing of available information; namely, informati,on involvinr (a) the configura-

tion of letters in a line of print, sentence or raragrarh, (b) the syntactic,

or grammatical cues inherent in that line, sentence, or paragraph, (c) the

semantic, or meaning cues associated with the reading material, and (d) the

interrelationships of (a), (b), and (c) with the reader's background of con-

ceptual and language data.

Just as we suspect thaL lanruare factor and social-psychological explana-

tions of subject-matter competencies may be complementary explanations, so we

suspect that "basic skills" and psycholinruistic explanations of reading

behaviour may be complementary rather than competinr approaches. A second

itirpone or this study, thPn, i::, to consider the contributions of reuding

research to explwiaLions of indiviUuel variahility in reading comprehension;

and the extent to which reading comprehension mediates the effects of social_

background factors on a range of logically distinct subject-matter outcomes

of schooling.

5

See, for example, Eolers (19(9), Hochberg (197C), Hochberg and Brooks (1970),

Bloomfield (1961), Fries (19(2), Lefevre (1964), and Wardhaugh (19&9).

Note the.t mathematics is similarly involved with both syntactic and semantic

cueinr elements along with the grapho-phonic. It may be that problen-solvinc

skills - or intuitIve understandinF - so valued by the mathematics teacher

favouring the heuristic mode of instruction, involves the simultaneou:7

aprlication of mathematical syntax mathematical semantic eues and

mntheratical grarhic rues which tL noodT:an's shov account for the develop-

ment (f readinc competencies.

7
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From a r-ross-cultural perspective the qur,stion arises as to the repli-

cability of the basic model of the structure of scholastic performance,

formulated in one national syster, in culturally diverse systems. rn

particular, the question arises as to the extent to which reading competency

as an intervening variable operates in a consistent fashion across cultural

boundaries to account for schooling achievements.

We rerard such questions as extensions of the pioneerinr work of Gray

(1956), who examined the behaviour and rrocesses in reading and writinr in

different cultures; and, more recently, as complementary to the comparative

reading studies by Thorndike (1973a) and Downinc (1973). Like these prior

studies, we anticipate that the present research will raise more ouestions

than it resolves.

research Objectives

There has been no large-scale attempt to assess the relative effect of

readinr as an intervening variable in models or the structure of scholastic

performance in diverse cultural settings. In this study the subject-matter

outcomes, of interest are the natural sciences - physics, chemistry, biology

- and practical work. "International°' variables - that is, variables with the

sarle metric, gathered by standardized instruments in different countries -

are used to provide a tentative answer to the question: Is the structure cf

scholastic achievement in the natural sciences the same in India - a Third

Werid t-euntr - ns in Ent7L:Ind - nn indth:trihlied country-for lh yenr-old

ho:js? M. this stage of cur work the emphasis is a disciplinary one. Though

we anticiiate that the research findings will eventually have significant

policy-making implications for action programmes directed at within-system,

and within-school resource allocation practices, we do not address ourselves

to the policy implications of the findings in detail.

In broad terms the objective of the study is to find preliminary answers

to several sets of perplexing questions concerned with the relative effects

of differential socialization, language factors, and thinking stare explana-

tions of performances in the natural sciences. Special emphasis is given to

the relative effecti.:eness of reading competency as a predictor of scholastic

performance. These questions include thr7 following:

1. To what extant is reading comprehension an in,lependent function of the

social background characteristics of pupils?

8



2. To what extent iE reading comprehension an independent function of

(a) the acouisition of such basic language skills as meaning vocabu-

lary, and (b) the pupil's piagetian thinking stare?

To what extent do meaning vocabulary and thinhing stage factors

attenuate the relati-.'e effects of socioeconomic and other social

background characteristics of rupils on reading comprehension?

in what extent does reading comprehension, as a reasoninE resource,

mediate the effects cf (a) background factors, (b) meaning vocabulary,

and (c) thinking stage; (i) for achievement in science, (ii) for

achievement in chemistry, (iii) for achievement in biology, (iv) for

achievement in practical work in science, and (v) for achievement in

general science - a composite of (i) through (iv)? In other words,

to what extent is the covariance between every possible two-way com-

bination of the four natural science outcomes of schooling, a function

of the direct and indirect effects of the background characteristics,

meaning vocabulary levels, thinking stage, and reading as a set of common

causes?

5. What are the similarities and differences between 14 year-old boys in

England and India regarding the four aforementioned objectives?

The answers to these questions will provide additional insights into the

class-biased schools thesis, the language factor and learning thesis, and the

t.hinhing stage and science achievement thesis.

Lxplanations

In this section of: the parer three commonly-asserted arguments promotive

of ccholastic excellence are examined. Though the proponents of these argu-

ments tend to assume that each represents a discrete perspective, they will be

treated eclectically for heuristic purposes. The explanations are referred

to as: (a) the socializing differences argument, (b) the language factors

argument, and (c) t!:e tMnking stare arrument. Underlyinr, these arguments is

the common theme that the family and the school successively and jointly

provide the treatments whereby the biolor!ical, social psychological, and

economic re2ources children are converted into school-related competencies;

which, in turn, ron:ftitute the resources converf.ible throur:h nrpropriate

9



oprortunity structures into subsenuent socioeconomic career attainments.

Thus, ror example, if reading, in the Thorndikes' (1917, 1973-74) sense, as

reasoning, is distributed uneeually, its translation into subject-matter

Performances will Le distributed uneaually.

1 Socializing Differences.

The socialization argument Is based on the simple premise that there are

considerable within- and between-group differences in child rearing; expecially

in terms of the learning environments, and the associated economic and psycho-

logical surport conditions, provided within the family. Such differences

Vnvern the impact of schooling on the cognitive, affective, and conative out-

comes of schooling. The notion is that the child's resources are converted

into additional resources (ascets or liabilities) through interaction with the

within-classroom learning environnents. Eventually, the effectiveness of the

within-family and within-school socializing treatments determines the varia-

bility in the zero-sum distribution of scarce societal resources such as school

achievement, social prestige, and income. One sucb school related and, hence,

policy manageable resource, is reading competency.

The extreme sccializinr: differences position holds that a child's progress

through school is more a function of social class - the father's status in the

occupational order - than of meritocratic criteria such as ability, effort,

and motivation. The three factors which are commonly used as measures of the

effects of secia] backgrounds are father's occupation (the socioeconomic status

rother'n and fathr!2-'5 (or parontril) odnontion, and the Family con-

rj:1-70, i ( t,}1. :;pacint!, or eh I I ara.n)

Ii maninc vccabulary terns the effect of the socioeconomic variable is

attributable to the fact that socioeconomic status is a proxy for environmental

complelty and cultural enrichment. Thus, it is noted, in the first instance,

that children from relatively complex home socializing environments have the

opportunity to develop more precocious meaning vocabularies through the necessity

of bc-ing initiated into the comon language meanings that such environments hold

fer their members. In the second place, it is noted that naterial deprivation

is highly correlated with cultural impoverishment - at least in those economic

syster:s with corrutatjvc, rt-:chanioniE7 - aml th:It the child'o

cultur8.2 cirsumf;tances win d.7t.crr.ine tlic orrortunity at hone t'or learninr. and

::choo1-r,H,7.7ant 1::011viourr.

10



In reading comprehension terms, though socioeconomic status will have

modest net effects cn reading, its major impact will be an indirect one as

mediated by the meaning vocabulary variable.

A similar logic prevails in the case of the other background factors

- parental education and family configuration. Thus, children whose parents

are well-educated and, hence, highly articulate, are likely to utilize more

precocious language skills and codes than children whose parents are less

well educated, ceteris paribus. It is believed, therefore, that the importance

of early language learning for intellectual growth is more likely to be stressed

and recognized by well-educated mothers; that these mothers will be more skill-

ful in the transmission of the primary learning elements required for decoding/

encoding precocity, than their less well-educated counterparts.

The family configuration sub-argument (Zajonc and Markus, 1975; Zajonc,

197() is based cn the postulate that different family configurations constitute

different intellectual environments; hence, formulation of the proposition that,

if the intellectual environMent is the aggregate level of all family members'

absolute intellectual contribution, then not only does it chaoge continually

az the children develop, but is a function of the number of additions or

departures from the family and the spacing of children. The intellectual

environment of the family is captured by the family configuration variable which

will be related to vocabulary, thinking stage, and reading resource acquisitions

of children.

The Lanruage Factors Arrument.

socializinr differences explanations address the question of how

family environments both account for and translate the unequal biological,

linguistic, and socioeconomic resources of children into unequal educational

attainments. .Language factors such as those represented by "basic skills" and

psycholinruistic explanations of reading competency constitute the basic learning

resources of children. These language factors include the cueing strategy var-

iables - grapho-phonic, syntactic and semantic cues - and the "basic skills"

variables - meaning vocabulary, word recognition, and grammatical usage - though

their interrelationships in terms of reading comprehension outcomes are im-

perfectly understood. Nevertheless, they constitute linguistic resource assets

which are inequitabl:: distributed and which account to some considerable extent

for the fact that children cntering school each year dc so with different levels

11



10

of the resources required as prerequisites to successful performances during

the year.

In the general case, the greater the linguistic resource assets of the

pupil in terms of coping with the progressively more complex environments of

the school - esnecia1ly in terms of subject-matter complexity - and the more

effective the teacher treatments in relation to these primary resources, the

greater the probability that the individual will receive preferred treatments

in the different settings at later grade levels. It follows that the primary

linguistic resources are translatable in school settings into additional

resources such as reading competencies, which in the form of "reading as

reasoning" constitute a secondary resource asset. Reading on a priori grounds

is a common cause of the multiple subject-matter achievements of pupils at the

upper-elementary aild secondary school levels. It is the relative magnitude of

this dependency which is assessed in the present study.

The dependence of subject-matter performance on reading resources has been

demonstrated in several studies. Thus, Hauser (1971, pp. 77-80) showed: (a)

that the reading comprehension of Tennessee high school students was a powerful

intervening variable mediating the distal effects of family background factors

and mathematics, and (b) that the direction of the relationship was recursive,

not reciprocal. Similarly, verbal reasoning is shown to mediate background

variables and the relative importance of parents, teachers, and peers as sources

of psychological support in accountinr for the observed educational inequalities

(if Canadi:in hirh schoo] :;Ludrmt:; (William:7, 1971. P.1 Thorndike (1(173a, r. 16(?)

Not(!:1 that inequalities in science and literature achievements are mediated by

reading comprehension, and postulates that reading plays a key role as a pre-

dictor agent for more specific subject-matter areas.

The linguistic factor thesis has been powerfully demonstrated in causal

models of school achievement in literature by Bulcock (1974), and Bulcock and

Finn (1975). The importance of meaning vocabulary levels as predictors of the

multiple outcomes of science performances - physics, chemistry, biology, and

practical work - has been shown in a series of multivariate models by Finn and

Mattsson (1974). Both meaning vocabulary levels and reading competencies were

shown to he powerful intervening variablesin multivariate models of the structure

of scholartic performance in science and literature by Bulcock (1976) and

12
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Analytical StrateEy

Instrumentatior ouestions are tricfly taken up in teohnical appendix A;

and the statistical results are presented In the Tables of technical appendix

P. T. Is hoped that ty reler).timz routine procedural matters to the appendices

they will, therrby, not interfere with nutstantive concerns. The evidence con-

-.]titutinr the results, and the Pasis for the interpretations which follow, is

therety presented fur the expert, but not in a way which intrudes cn,

inhibits, corcideration of more central concerns.

For the most pa.rt anaIyses revolve around the development Ind test of

structural equation modr;lc (e.g. Blalock, 1971; Duncan, 1975) designed to be

iccmcrlhio with the auxiliary models and the verbal theories explaining the

rrct nf reading and science performance under examination. Recursive models

are teste1 throurh the estination cf rodel parameters using path anal:,-sis

(Wrifht, Duncan, 19C(), which is R. generalization of multiple linear

regre:7.sicn r-timation procedures to systems of omusally related variables. The

peraretrrs ere estimated as partial rerression coefficients and interpreted

ns measures of effest.

The unstandanlized regression coefficients of all intervening variatles -

rearing vocatulary, thir-Kirr stare, and reading corprehensim - are allowed to

a:sure a substantive neaning that is uncommon in studies conpcsed of sets of

\-ariables, each characterized tv a different metric. This is because they are

to he inputted as percentgres in PI model where the four dependent variables are

11:n tsrcehtfire !.1 unit chanee in, rny, ren]inr crrTreherrion,

wil R percentare Imit. :ince unstandardized coefficients are inter-

Iretatle as the uAilue influence of a varialle, given controls over other variables

in the model, the findings may be interpretable in such terns ms: an "x" percent

:-.1-rovement in reading comprehension will produce an "x" percent improvement in

rhysics, ceteris Taritus, and FO on. Since the effects are additive, the

estinaLicn of the effects cf several predictors simultaneously makes it pcssille

estirate rescurse costs in terms of expected natural science outcomes.

Irclowing Firnr- a second type of analysis is conducted, in which

t1.7 gross or tote.1 e:fectc of the relationship letweell two variables is decomposed

into three irdepen.ismt elements: (al the net or direct effect, (I) the indirect

effec" lri c n:-;1 sTun icu!,, (-erre-rent. The fir=t two elements (a and b)

may 'c reTresent the total cau=s1 effects (TCEs). he utility cf the
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ICEs lies in the fact that represent exact estimates of the total

relative impact of ezplanatory variables on the outcomes of interest. TCEs

may he ranked for comp..iraive Turposes.

Findincs

1. Enrlend.

2cro-order relations are presented in Appendix 1.4, Table B-1. It is noted

that the ntsociations between rrading end all science subteots is greater than

p.r.;; and that the roaling-overail science performance relationship has a

c'jrrelation coefficient greater than 0.7. The relationships totwern lackground

fri,7tors and natural science performances are as hypothesined. Thus, the

2f.;eft'ieieLts in the 0.3 ranre for the father's occupation - natural science

and father's occupation - reading relationships are about the sare order of

magnitude as those rejorted in other industrialized nations (cf. Rehherg nnd

Fo:]enthal, 1975).

The thirking rtare varialle is strongly associated with achievements in the

natural scirnces with most coefficients in the 0.4 range. It iz useful to note

that the piagetian variable is not overly deterministi - a fact probably

denonstrating that natural science performances in school settinrs do not always

depend on the application of higher order thinkirr processes; or, obversely,

that rote recall and knowledge of mere infornation will go a long way in some

choo ::ystems to account for cognitive achievements. TIle high correlations -

in th, rang- - letwren nenring veratulvry and subtest performances in science

ir noiewcrthy in view of the emphasis placed on language factors

The advantage of :rale B-2 is that the structural coefficients may be

interpre ed az measures cf the unique influence of a variable, given controls

ever the ether variables in the model. For exarple, because all the endogenous

variables ir the model - tbe intervening. variables and the outcome variables -

Are rercentai-r scorPs, the r.rrezsion, coefficients nay le interpreted as follows:

AL "xe percent irprovenent in, 7RY, reading will iroduce "x" prrcent

IrTrovrnrnt in sorr outcone - :ay, overall science performance - ceteris_paribus.

Take the srinLce out:cme in :able 12-7. Coluril I in ncience provide: the

remrrs7:cn onerfieirntn rr the Tredict.or vnriables in the rode: cr

18
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scholastic performance. With the important exception of the three source

variables (FATIIOCC, PAM), AND SIBSZ) the remaining predictors lend themselves

to the following interpretation: a ten percent improvement in reading compre-

hension will produce a 4.48 percent improvement in science performance, ceteris

laribus. Since thr model is an additive one it is possible to interpret the

effects of readin g and thinking in the following manner: if as a function of

teacher treatments and pupil effort a ten percent gain in both reading and

thinking performances was accomplished the net expected gain in science per-

formance would be 4.21 + 1.82 = 6.03 percent.

School systems knowing this kind of information could eventually estimate

how resource costs might be weighed against expected outcomes in their planning

of school curricula. If it were thought that language factors were more policy

manageable than thinking stage elements - e.g. more responsive to teacher treat-

ments and the concomitant pupil effort - the expected impact of the combined

language factors mi ght be contrasted with the combined impact of reading and

thinking. In this hypothetical example the language factors account for

effects of .136 + .421 =.557 (versus .182 4- )21 = .603) on science performance.

The difference (.046) is modest. The decision to emphasize the teaching of

the lanz:Inge arts including reading might be a sound one if thinking stage

elements prove less amenable to teacher treatments than language factors. There

can be little doubt, however, that the teaching of reading is of crucial

importance in terms of pupil achievements in the natural sciences.

The relative c.ffe.-t of a prPdictor variable - i.e., relative to all other

mo1.-1 prrdictors - in column TI which reports the path roofficients.

It in notc4 that in :.frro or overall science ahievement readinc has the most

powerful net effect (.4C7), relative to the other predicators; followed by

tl,inking (.225) and meaning vocabulary (.178) in that order. Reading has more

than twice the imPact cn science than the thinking variable; and, incidentally,

eight tines the imPact of father's occupation cr any other background variable.

Since some of the effects of the more distal factors are mediated by inter-

veninr variables, their total causal influences may be underestimated on the

basis of an examination of their strictural coefficirnts. Following Finney

(127.:) the total ca-Isal effect (7a) of each predictc.r in the model is cal-

-7) and ranked for corporative purposes (Table R-4). The utility

,f th,' 7:Fs !-7-1.7t that trey represert exact estimates of the total

relative inl:act 1"Ith direct and indirect - on the outcomes of interest.
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From Column 4, Table B-3, one notes that the direct effect of father's

occupational status on science is a modest .058; whereas the total causal

effect - the direct effect, plus the effect of father's occupational status on

science as mediated by the intervening variables VOCAB, THINK and READ - is .259.

Though the TOE of EATEOCC on CCIENCE is considerable, it is shown in Table B-4

that the TCEs of VOCAB, THINK, and READ are even greater. Similarly, it is

shown in Table B-4 that the impact of the variables stemming from language

factor and thinking stage explanations for the English data is considerably

greater than for th)se stemming from socializing differences explanations.
India.

It is noted from the correlation matrix (Table B-1) that reading - natural

:cience relationships in India lack uniformity. The correlation between reading

ard hiolcgy is .27; correlations between reading and physics, and reading and

practical work are in t.he 0.1-0.4 range; and those between reading and chemistry,

and reading and total science perforrance in the 0.4-0.5 range. Though the

significance levels were less than .001, the unanticipated range in the magni-

tudes of the scores remain difficult to ezplain.

Correlations between background variables and natural science performances

w-re well below those anticipated. While findings regarding the effects of the

t!..inking stage variable were less problematic, the rodest strength of the

arso,:iations (from .10 to .25) should be ncted. The range of zero-crder rela-

tions between reaninr vocabulary cn the one hand, and the natural science

71..-hi.-vmer4r on tlIc othPr, connintent with th,, languare rncterr, expinnation.

A1,1 e P-: supiortative of the complementarity thelds, where it iv

noted thatthe eff,-cts cf the thinking stage variable on all natural science

outcomes except practical work are statistically and substantively significant

cver-and-a1,cvp the effects of the language factors explanations.

Examination cf the TOEs of the source variables in India (Table R-3) confirm

the negligible effects of background factors noted frcm their zero-crder reasures

of association. In fact the family configuration wtrieble had negligib2e effects

cn pli endegesous vr.lriatles. The TOEs of intervening variables, with the excep-

ion cf thirlYin.- as a predictor of reading and practical work, were either

rederate cr stronc7. !'ost were in the 0.2' to 0.4 range arl sufficient to be

rerard.F.d 1-eing cf as well as sirni4'irasce. All

te=e relaticnshirs were Ln th^ 11::-T-cterised directics.

2 0
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Note that in TCE terms the effects of the meaning vocabulary variable

outranked all other effects on the natural sciences. TCEs of the reading

variable were in second rank (Table B-4) and thinking stage influences were

in third place. The impact of the intervening variables on practical work in

science were, however, noticeably less rcwerful than on physics, chemistry

and biology.

3. England/India Comnarisons.

Similarities clearly outweigh the differences. The most important

differences to be noted concern the socializing explanation. Whereas the

TCEs of father's occupational status in England on all endogenous variables

were significant - six out of the eight relationships in TCE terms were

greater than 0.2 - the same was far from the case in India. Two of the TCEs

of father's occupational status in India were negligible; only cne was abov,e

0.1; and the remainder were between .05 and .1 which is regErded as being of

marginal substantive signigicance.

The effects of parental education in the India sample were similarly

modest. Impact on meaning vocabulary, thinking, and practical work was

negligible. Though in chemistry a TCE of .113 vas recorded, the remaining

relationships were of marginal importance. Since all the number of children

Tas were negligible (Table B-4) the variable effectively played nc ',art in

accounting for the natural science outcomes. Cuch a specification error -

that of erroneous inclusion - mv be rectified by respecifying the model as

in Ficlir, 1-1. In rerpecifi,A Inlio rAel tie recolulnry pnd thinhinr

vor;q1,1e:: ore rhown or rource vorioI.1 s since tnere ore no osoLcintive

relotion:Alirn between then or between them and the remaining background

factors. This leaves reading as the only mediating variable between four

source w_riables and four natural science outcomes. The evidence supports

this mcdel respecification as beinr the most accurate representation of the

structure ef scholastic performance for 14 year-old boys in Hindi-GI:seal:inf.*,

Trdia.7

T rc,aker (197,)fer details for the 3 stare sampling design fcr the 6
rtote:z rampled. There states contain approximsately 415 of

the Tnlii.n popuinticr..

2 1
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A eccnd difference between the countries concerns the extent tc which
antecedent variables account for vnriance in natural science outcomes. Thourh
In brJth countrieo the model i obvionsly an effective one for accounting for
science achievement, the explanatory power of the Enrlish application
(1(YI!' = c:0).5) is rrentr than tbat of the Indian (100E2 35.9).

differences are noted in terms of the extent to which the antece-
dent variables constitute a net cf common causes accounting for the covariation
between suitest performances in the natural sciences. Thus, it is ncted from
Table that with the exception of the chemistrv-biology relationship the
iredictors in the Enrlich medel of scholastic performance accounted for greater
proportions of the covariance between natural science outcomes than did the
common predictors in the India model. The redian rrorortion explained in
England was .145 and in lndia .38.

The three noted differences should not be exaggerated. Except fur these,
the model of scholastic achievement in the natural sciences operated in the
predictable way in both countries. Feadinr in England was consistently the
most powerful predictor of science achievements; and the same was true in
India wit,h the exception of performance in biology. 1,:ost of the tire, the

thinkinr stare variable had the next roct powerful net effects when simultane-
ously considering the effects of all other system variables. Thinking was
only marginally ahead of meaninr vocabularly influences in terms of direct
effects. When the indirect effects of meaninr vocabulary on natural science
lerf'orranceo nr. mediated 1:1 thinkinr and readir,- lre (.7nrHdrre,: in T1110 P-J1

I14n in 11 Prlrind ri IndiN ran]: in t'irlIt pl!tee.

111. INTERITETATIONO

Theoretical Implications

In England, tut not in Irdin, reading was sirnificantly influenced by
variables renerated ty sccializinr differences arguments. E-.en in England the

d:rect effects cf tl,e three fanny background variables on reading were of
medest magnitude. Their tt:tal causal effects, however, were several times
larger as sbowr ,n 7ab1 e :ince tlie 7CF Cf fatt-r's occurnticnqi 2tatuo,

2 2
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on reading for the English sample was considerable, the question arises

whether English schools are class biased institutions; that is, whether socio-

economic status is more important than merit in determining school achievement.

The importance of the question stems from the fact that if English schools

are class biased the societal effort necessary to implement educational reforms

will he of a different order of magnitude than if the schools themselves con-

trol the reformist mechanisms. Background variables are not in the short term

amenable to policy intervention. To clarify the problem three sources of

evidence are available. First, zero-order relationships are presented between

the first five predictor variables in the model and reading.

TABLE 1

Eio-ORDER RELATIONSHIPS BETWEEN FIVE PREDICTOR VARIABLES
AND hi.:ADING: ENGLAND/INDIA/U.S. COMPARISONS.a

Relationship England India U.S.

rI6 .295 .013 .306

r::6 .129 .031 .310

r36 -.166 .033 -.096

r46 .647 .3(4 .666

rr,6 . --3(5 .cw7 (b)

" Whore = FATUCC, X = PAREb, x3 = Ii = VOCA, = THINK,
and Y.r, = REAP.

b Thr2 r56 relationship is not available for the U.S. The THINK variable
was constructed from the distractors to four science test items, but in
the U.S. 14 year-olds who wrote the IEA science test did not write the
IEA reading comprehension test. This means that the structure of
scholastic performance model cannot be tested using the IEA-U.S. data.

Data in Table 1 from the IEA U.S. sample is included for comparative

jurpczes. Second, the direct effects cf the predictors are shovn in a path

model (Figure 2). Third, the total causal effect coefficients of the pre-

dictors presented in T7+2e P.-;, are compared.
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FIGUEi: 2

RATH MODEL OF EEADING COr.MREHENOION IN ENGLAND AND INDIAa
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tL
PaLh coefricients are presented above the paths. The top coefficient is
for Enrland in each case. The regression coefficients for VOCAB and
THINK only, are presented below the paths (cf. Table B-2).

The zero-order relationships between father's occupation and reading,

and meaning vocabulary and readinr, are the same in the industrialized nations

cf Enrland and the U.S. Relationships between parental education and reading,

and bptween nuMber of children and reading are different in the industrialized

nations. Though different background variables have different effects they

are all outranked in magnitud hy the effect en reading of the meaning vocab-

ulary variable.

2 1



A more stringent test or the class bias thesis involves examination of

the relative effect of each predictor while simultaneously taking other predictors

into account. Such a test is presented in Figure 2 where it is shown: (a) that

father's occupational status is a more powerful predictor of reading than the

other background factors, and (b) that the effects of meaning vocabulary and

thinking stage variables on reading are over six times and twice as powerful

respectively as the father's occupation variable.

It

factors

meaning

must be rccognized, however, that some of the effects of the background

on reading are indirect. For example, father's occupation influences

vocabulary; similarly it influences thinking stage development; and it

influences reading via these mediating pathways. In view of the potentially

powerful indirect effects of the background variables it becomes important to

examine their total causal effects as

the direct effects ore underestimates

Hevertheless, Table B-4 evidence

presented in Table B-4. It is noted that

of the total effect of the background factors.

does not support a class biased inter-

pretation, but rather a language factor bias. The TCE ranking of FATHOCC is

behind that of VOCAB, tut more important is the fact that the TCE for FATHOCC

is less than half that of VOCAP. It is inferred from these (Table B-4) results

that the three explanations are complementary not competing notions. They

are necessary, but not sufficient, for explaining variability in reading in

England. Though socializing differences variables are of substantive impor-

tance their impact is lens than that of either the meaning vocabulary or the

thinkirg stage variablen. nne cannot reasonablr conclude from this evidence

that. English schn(Os nre Hass binsed.

Application of the same logic to the English natural science outcomes

results in the same conclusion in so far as the class bias thesis is concerned.

What seems problematic is the failure of the socializing differences explana-

tion in the case of India. The effects of the social background variables on

meaning vocabulary, thinking, and reading are negligible. Literally, this

meann that in India neither the material circumstances of the home, nor

differencrs in parental education, nor the family configuration in terms of

size, have effects cn variation in meaning vocabulary's, thinking stage, or

reading comprehension. CA1 the other hand, thinkinF and reading are influenced

by meaning vocabulary.

2 5



Several ex-post-facto considerations are compatible with these findings.

In the first place, it is conceivable that the effects of social background

factoru may already have occurred prior to Indian school children reaching

the r.ge of fourteen. F.econd, Thorndike (1973b) suggests that reading perform-

ances in India were sufficiently low that the children were unable to read

the student questionnaires; that, therefore, many students resorted to

random guessing. On the other hand, the language and thinking stage arguments

were supported. For purposes of analysis those students reading below a

designated level of performance were eliminated from the sample as is pointed

out in Appendix B. For these reasons the random guessing explanation might

be discounted.

Third, it is important to note that describing selected characteristics

of a family is not the same as describing the socializing mechanisms; that is,

how a family socializes children. It is conceivable that family character-

istics in India fail to operate as viable proxies for family socializing

treatments as in industrialized nations. Alternatively, there may be no

significant differences in the socializing treatments preferred in Hindi-

speaking India on the basis of socioeconomic differences; in which case the

support for a null hypothesis is real, not spurious. Before reaching such a

conclusion, however, further research is desirable. It is prudent not to pre-

judge in these important mnttr,rs; and especially because socializing differences

explanations of natural science performances in India are viable. Note from

Table P-11 the TCE's of father's occupational status on physics, and overall

science performances; and the WE of parental education on chemistry.

The fourth objective of this research is important because it concerns the

relative effect of reading performance on natural science performances while

taking other determinants of science achievement into account simultaneously.

Another way of stating the objective is as follows: to what extent are

socializing differences, language factors and thinking stage explanations of

achievements in the natural sciences complementary or competing arguments.

As was pointed out in the findings section the three arguments in the case of

both countries are complementary - each has to Fe considered- In view of the

magnitude of the independent effects of reading on science outcom..s, however,

the relationship deserves special consideration.

2 6
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TA.ELE 2

P---.7C7-NTArIF IFF7772 flF LANCTTAr..:17 FACTORS A.= TR:NEING
cr; ze-T,-77.T.C7 yn---F0Fm_;,=a

7ffect of a
10 per cent
increase in:

Out^ones (%)

Physics Chemitr-: E4ology Practical Sc4enoe
XL '1,':CAP: E 1.2 1.6 1.1 1.5

T 1.7 1_._1 1.3 1.2 -,_._,

X- 7-HIN;" E 1.7 2.0 c.-, .- -, 1.4 1.8
1 1.1 1.1:

.., .., - 0.2 1.0

4.0 3.i. 4.5 4.2
L.6 2.0 3.2 3.5

Combined E 6.0 5.6 4.52 6.0 5.6

factors (Y1+7)
5.7 3. 4.4

Cce)ined P 7.E 7.6 6.7 7.4 1.

fr.cters

thinkinr
staiT

7.0 7.1 L.5 4.6 .0 s.

a
:he tal-le may le read as follows: a ten percent increase in redinr will

L.' 1-ert in :ci-ns :,erforn%ncf: :or
or a ferment increase in science perfumhncc for

Indian 1L year-old boys, ceteris raribus. :7imi1ar1y, if th.-1 three factcrs
7;(7A1', THINK and READ cculd each be simultaneously inproved ty 10 percent,

res,-ltant effect on sci?nce perfornance would pTobably te in the rerion
7.4 percent in Fngland and 5.8 percent in India, ceteris paritus.

2 8



2C

Canclusions

This taper atter_Tted:

1. tc formulatP f.nd test P rPneral -cdel o.° the ctructure of scholastic

rerfrmance;

to pocularize ze notion of reading ES a school derendent personality

ressurcP convPrtible in classroom treatment settings

'nto t'onal r'Ps4*-ed scholastic performamces;

3. to demonstratP the pivotal role that reading, as reasoning, plays in

accounting for natural science achievements in physics, chemistry,

biology, rractical work, and an overall science rerformance composite;

to test the proposition that socializing differences, language factors,

and thinking stage arguments are complementary rather than competing

explanations of school achievements in the content fields;

5. t_ assess the extPnt to which reading as a school dependent resource

translates the unequal socioeconomic and lingu-Istic resources of

children into unequal natural science achievements; and

to examine the operaton cfthe structure of scholastic performance

model in two calturally ard econonically different nations - England

and India.

It was conelude, f'rst, that the sccia2lizinr d'fferences arlarent was

efensil-le in Enrland, f:ut lesr; sc. in India. -Te extreme socializinr dif-

ference:- arrament that a child's prorress thrcurh school is none a function of

rottin
7..:7'j1! of child!-e an,1 their cf tinr Lad effects Ln the natural

:ci,nce pern_irmances of children which were greater in ragnitude in tcth

Lnri.thd aLu India th.r. social tachrround factors.

veral ex-lost-facto explanaticns of the alrr.o!:t negli le irpact of

hackgroun,1 factor: in India on readinr ccrpetency anJ sci.ce acieve-

rer.t.:7 were corn:ler-d. Tw'...) explanations sered worty of further inve:..ti-

Thr- fir. t nc*.ion Lc1.1:: that ty the are -' 1% the effects cf social

...]rc.ln:;tan7ez in Idi% ra:; alreal:.' have crenated; and that thcse tcys witL

harAH.,::; ray Lmve alr,:edy withdrawn frcs fornal

c-7,ernJ the diffrences tetween what hcre cIrcurrtancen

in Tr:11a 1P7?rrcvn..: fac*.c.r..1 ra7 not
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cterate az adecuate

trovided

=ay he more u:dform

houndaries.

2ecause language factors and thinking staEe arguments were independently

ol,erative in accounting for science performance it was concluded that the

three autonomous explanations of scholastic performances complemented one

another. Az expected, the piagetian posif-ion that achievements in the sciences

are dependant upon the attainment of formal operational thought was strongly

su!..ported in both countries. The test was a ztringent one in that the
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roxies for the differences in the actual socialising

in the home. ;aternatively, hone socializing treatments

in India than in Enland across socioecoro-4c =tatus

r'ian variable operated over-and-above simultaneous consideration of

othPr contenders. Cf thesP c+'.e.r contenders, however, thP lanuare

factors proved particularly pewerf.:1. Languare faotor arguments were traced

to the recent work of F.L. Thorndie and the Goodman's. while there are few

parallels this century to the sustained 4ntellectual effort in developmental

psyonolcry than thet of Jean Fiaret, the results cf this research surrest that

Thsrndike's work in educational psychology and Kenneth Coodman's work in

psychlinguistio 1 - -0-1t car-4'121 attention.

The results of this research show that reading

variable amPnahle to within-classroom treatrents is

nechr,nis 'enown for determining school achievements

as a policy manareable

the single most powerful

in physics, chemistry,

tIolory, 1-ractical wor'4, and overall science perf:Jrmance. This is inter-

Treted to rean that tPachers, ;ndividually arvi collctively, ray leritimately

a:- r-eater rf p.rrormNncr:- rAudr.nt

than 4oreto!'ore; ariA, 1 the same teki-n, nay 1:e legitimately held accountable

f.)r the quality of service they prDvici:e their clientele. Because reading in

batfl an industrialised and a Third-World nation has been shown to be a cru-

clally irport,"t rcsounce rechanim in the structure of scholastic performances;

bccauce this mechanism accounts for the translation cf socializing and lin-

ruistic resourcez into the additional dcrired resources of multiple sub,',ect-

!-atter acieverPnts; at:ci r-ince the:;e achieverento cf-n7Aitute important criteria

the ;_ll,;cation of scarce zocietal resources such as statuses, incomez, and

as:;ocinted Tsyc holorIcal s.-..tisfactions, it is easily concluded that no 'eacher

71-cr 'i: t eadinr tencer.
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Attention mirht be to the political Implications of these findings.

Individually readinr teachers play crucial roles in the initiation of pupils

into the logic of reasoninr. Collectively reading teachers represent a

powerful political force. The evidence suggests that there may be no more

subtle way cf immovrishing the cultural rPsources of a society than by

placinr constraints cn the opportunities that children have for learning how

to read. Conversely, there would seem to be no more effective way of liber

ating the intellect, of overcoming cultural impoverishment, than thro,Irin the

develospent of reading competency, and ipso facto of reason.

3 1
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TECHNICAL APPENDIX A: INSTRUMENTATION

The purpose of this appendix is twofold: a) to describe the ten variables
constituting the anxiliary model, and b) to present their frequency distribu-
tions. Where possible, the data for England and India are interposed forease of comparison.

(1) Variables

X1 FATHOCC - Father's occupational status. Each national center partici-
pating in the stage rwo, three-subject survey was asked to design its own
occupational status scale on the basis of whatever national norns were con-sidered most valid. In England, the procedure adopted was one in whichprofessional, managerial, and business owners were ranked in categories 6 and7; clerical workers, supervisory personnel, and service workers, in categories5,4, and 3; skilled blue collar in category 2, unskilled manual workers andunclassifiable personnA. in categories 1 and O.

The father's occupational code, adopted in India, was more precise in that
nine categories were employed. The differences in coding, attributable to
the different economic systems in the rwo countries, made direct comparisonsimpossible. In India, professional, managerial, and semi-professionals were
ranked in categories 9,8, and 7; small businessmen, large scale farmers and
clerical workers in categories 6,5, and 4, semi-skilled workers, farm labourers,
and unskilled labourers in categories 3,2, and 1, and those without occupations,
orunclassifiable were coded zero.

X2 PARFD - Parental Education. Both mother's and father's education were
scored on a five category scale in terms of years of schooling: 0 years, 1-5,
6-10, 11-15, and greater than 15. These variables were added in order to
estimate parental education. The variable was constructed in the same manner
fur both countries.

X3 SlBSZ - Number ofbrothers and sisters. In both countries, the variable
was operationalized by the question: "How many brothers and sisters have you?"
The response categories (1-5) were: 0,1,2,3,4 or more.

X4 vocAB - Meaning vocabulary. The TEA word knowledge test, after correctionfor guessing, would seem to represent an accurate within-country estimate of
a pupil's meaning vocabulary, and might be considered an acceptable proxy of
verbal ability (Thorndiko. 1973a, p. 36). It is assumed that the variation in
test scores from country to country was a function of shifts in the discrimatory
power of some of the 40 test items after translation. Nevertheless, within
country discrimination was satisfactory as indicated by K-R formula 20 reliability
coefficients (Kuder and Richardson, 1937) of .833 for England and .812 for India.
Raw scores in both countries were converted into percentages.

X5 THINK - Piagetian thinking stage. Following Bergling (1974), item
analysis data derived from multiple-choice items on the IEA science test were used
to construct a piagetian thinking stage variable common to both English and
Indian populations. The variable structure was established by means of scalogram
analysis (Guttman, 1950). The analysis is designed to examine the relationships
between the scale items in which a perfect scale is one in which a person who
passes an item of given difficulty will also pass any other item of lesser
difficulty. Conversely, an individual who fails an item of given difficulty will
also fall any othor item of greater difficulty.
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Three considerations are briefly taken up:

Consideration 1 - ordering response categories.

The science test items had five distractors or response categories which
would be ordered on the items selected for examination in a sequence from
highest co lowest. Piagetian theory dictated the three category order:
where (3) was classified as formal operational thinking, (2) as concrete
operational thinking, and (1) preoperational thinking.

Consideration 2 - c1assifving distractors.

The validity of the constructed piagetian variable will be unacceptable
unless the classifications are correct. The usual classification of dis-
tructors is into "right" or "wrong" answers. The classification formal
thinking, while always connected with the usual classification "right",
could also be connected with a distractor with the usual classifi-
cation "wrong", where the item in question could be classified as a logically
correct response. More problemmatic perhaps was the separation of distractors
normally classified as "wrongs" into pre-operational thinking and concrete
operational thinking. What is important to note, however, is that "wrong"
classifications in the sense of a distractor being an incorrect answer to
a question could be an indicator of formal thinking; thus, it was possible
for a student with little formal knowledge of science to be classified in
the formal thinking category. It follows, then, that a student who failed
to obtain the conventionally "right" answers to the scale items could still
give the logically correct answers, thereby obtaining a "high" thinking stage
score.

Consideration 3 - scale reliability.

Following Bergling (1974, p. 36) a scale was accepted as acceptable if it
gave a coefficient of reproducibility of %BO even though the general guideline
given is that a coefficient of reproducibility greater than 0.90 indicates a valid
scale (Green, 1954, p. 356). This optimum figure is desirable because
coefficients in this range have little error of measurement because sampling
variance is small; hence, their high reliability estimates. Nevertheless,
coefficients of this magnitude are rare in the empirical literature.

The scale adopted in this study was originally developed by the first
authors for 14 year-old boys and girls in Sweden. It was arbitrarily
applied to the England and India samples. Though the resultant scales are
judged adequate for the purposes of falsifying the hypotheses generated by
the structure of scholastic performance model, further manipulation of some
of the item cutting points should result in improvements in the magnitude
of the coefficients of reproducibility for the two nations.* For the expert
reader, the three coefficients - minimum marginal reproducibility, the
percent improvement, and the coefficient of scalability - are also provided
as aids to evaluating the scalability of the items.

*Dr. Glen Clarke - a Memorial University colleague - has recently achieved
coefficients greater than .88 for United States and English data and .80 for
India data. These results were obtained too late to rerun the analyses
reported in this paper involving a more valid and accurate "THINK" variable.
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TABLE A.1.

Coefficients for Scales based on IEA Science Test Itemsa:

COUNTRY COEFFICIENTSb

1 2 3 4

England .811 .670 .141 .427

India .765 .675 .090 .276

U.S.A.c .851 .723 .129 .464

a) Results are for those boys who could read. The readability criterion was
a score greater than one on the reading comprehension test after correction
for guessing; where the correction for guessing formula was R-W/K-1 (R =
no.correct answers, W = no.wrong answers, K no.alternatives in multiple
choice items).

b) 1 = coefficient of reproducibility

2 = minimum marginal reproducibility

3 = percent improvement

4 = coefficient of scalability

c) U.S.A. results are provided as a second industrialized nation referent.
They may provide some further reassurance that models of the kind being
tested remain stable despite being tested on data from a variety of
nations. It is unfortunate that at the present stage of the ongoing
research, an additional Third World referent could not be provided.
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Because thinking stage is regarded as a partial function of age, the
variable was transformed into a thinking stage quotient by dividing the
absolute thinking stage score by the respondent's age in months and
multiplying by a constant so that it became a percentage figure. Thus,
thinking stage is not an absolute quantity but, rather, a quotient or
quantity relative to age varying from a low of zero to a high of one
hundred.

X6 READ - Reading comprehension. The Thorndike (1973a, Chap. 2)
reading comprehension test, corrected for guessing, was used in two ways.
First, it was used to define illiteracy in order that illiterates could be
eliminated from the samples. The correction for guessing formula (see
footnote (a) to Table A.1 above) allows for a score of 0.0 by random guessing.
In order to permit the study of the largest possible samples, the liberal
cut-off point of scores greater than one was used. This eliminated 100 -
(1289/1821) x 100 = 29.2 percent of the India sample, and 100 - (1419/1474)
x 100 = 3.7 percent of the England sample. Secondly, the test was used as
the measure of the reading comprehension variable. The tests consisted of
reading passages followed by multiple choice questions designed to cover a
wide range of reading skills. The K-R 20 formula provided reliability
coefficients in England of .887, and in India of .684. The India K-R 20
coefficient might not normally be regarded as high enough to permit useful
studies of individual correlates of reading. In the present instance,
however, the non-readers - 29 percent of the total - were eliminated from
the India sample. By definition, reliability is the tendency toward
consistency from one set of measurements to another. Undoubtedly, much of
the unreliability of the reading test in India was attributable to the
presence of pupils who randomly guessed at test items because of their
reading disability. By eliminating mere "guesses" from the sample, it
is predicted that the reliability of the test sample would approximate the
median reliability of .85 for the fifteen IEA countries taking part in the
reading survey. Note that the corrected reading score was transformed into
a percentage figure.

X7 thru X10 - Physics, chemistry, biology, practical. The test items
and the test construction procedures of the IEA science committee are
described in comber and Keeves (1973, chap. 2, Appendix ix, and xili). The
overall science test score for each child was based on an additive combination
of four sub-test scores in physics, chemistry, biology, and practical work.
Only about ten questions were related to each subtest area in order to limit
testing time to about one hour. The result was that subtest reliabilities
were on the modest side, though, the overall K-R 20 reliability coefficient
in science was high enough (median value = .83) to permit useful correlates
of it. The relevant science test reliabilities for India and England are
provided in Table A.2. All subtest science scores were converted into
percentages.
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TABLE A.2.

Science Test Reliabilities for England and India (Kuder-Richardson 20)a

TESTS ENGLAND
b

INDIA
b

Science Total .89 .78

Physics .72 .56

Chemistry .70 .52

Biology .60 .32

Practical .68 .48

a) Source: Comber & Keeves (1973, p. 396)

b) In both England and India some boys were included in the samples even
though they fell outside the age range (1-.0 - 14.11). These "outsiders"
were eliminated from the test sample. Similarly, illiterates were
eliminated. Since the eliminated pupils were likely to constitute the
majority of the random guessers,it is predicted, but not demonstrated
here, that some of the moderate sub-test coefficients will be strengthened

by their elimination from the test sample.

(2) Frequency Distributions

A.3.

The dispersion statistics for the ten variables are presented in Table
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Figure A. 1.: Moans, Stamford Deviations, Kurtosis, Skewness, Minimum and
Maximom Scores, Case Base. and Missing Data for Variables
tncluded in the 1;eneri1 Mod:I of the Stracture of Scholastic
Porformane in England and India (Boys on101.

TABLE A.3.

'.D int-
o,is

Sow-
ne,-s

Minimum Miximum CASC
BP,'

Ing

Data".

X FATIOCC 2.8 1.8 -0.02 0.86 0.0 7.0 1467 1.0
3.9 1.7 0.5 1.19 0.0 9.0 1208 8.8

PAR11) 6.5 1.3 1.29 -0.23 2.0 10.0 1412 4.7
3.8 2.0 0.92 1.23 2.0 10.0 1288 2.7

. S18S7 3.2 1.3 -1.2 0.09 1.0 5.0 1473 0.6
4.2 1.1 0.90 -1.32 1.0 5.0 1294 2.3

X4 V0CA8 * 37.0 23.4 -0.15 -0.26 -24.7 100,0 1475 0.5
18.9 22.0 0.25 0.54 -24.7 95.0 1271 4.0

. P1NY* 52.6 22.0 -0.51 0.00 0.0 96.6 1247 15.8
42.3 21.8 -0.35 0.09 0.0 99.5 1091 17.6

X6 READ* 48.0 20.6 --0.75 -0.18 2.5 94.8 1419 4.2
lf,.3 11.7 , 1.00 1.15 2.5 59.0 1289 2.6

X7 FirisIcs* 40.3 21.6 -0.19 0.30 -17,7 100.00 1421 4.1
18.2 1'6.8 0.79 0.70 -20.0 84.1 1277 3.5

.....4

Xt, CHrMITkl* 22.1 21.3 0.18 0.70
_

-2..(7. 1(10.00 1420 4.2
10.1 16.4 1.52 0.95 -24.7 81.6 1264 4.5

i-----
,4 6t(1,01:17* 27.6

1

1S.9 (1.00 0.34 -17.9 93.7 1421 4.1
1: n 13.4 1.52 0.48 -24.7 67.4 1277 3.5
-Z----g

1 upArrn,A1* ."....1 71.4 -0.17 1.'0 -111.5 101,0 14nft. 50
,,.4 It..e.

, 0.3 n A6 -24.5 #'..7.'; 121 7.4
, k.(1r.(.T 2A.g 17.g 0.(t4 0.70 -11.5 87.5 1471 4.1

11.7 11.1 7.2f, 1.13 -12..4 62.9 12'7 3.5
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4 1



- 7 -

TECHNICAL APPENDIX h: STATISTICAL RESULTS

Five sets of data are presented in Appendix B. First, the zerr-order
correlations bem,een the variables in the model of the structure of scLolastic
performance are presented in Table R.l. Second, the correlations are used to
generate the strurtural coefficients for a full-identified model by ordinary
least squares. These comparisons are presented In Table B.2. Thirdly, the
total causal erfects of pTedicted variables are presented In Table B.3.,
followed by a summary Table (R.4.) in which the total causal effects nre
ranked for ease of reference. Tables B.5. and B.6. relate to the interpre-
tation of residual scores. Finally, using India data from Table B.2. a
respecIfied final form path model is presec'ed.
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Table 8.1 Correlations, Means, Standard :eviations, and Case 3ase of Variables in the Model of the Structure

of Scholastic for England and lndia. (a)

VARIAtLEs

1 11

i SD CASES

X
1

FATHOCC .242 -.171 .314 .1 9 .295 .279 .235 .249 .272 .307 2.83 1.8 3461

X1PARED
4

.360 .081 .122 .074 .1,9 .1,4 .138 .161 .162 .171 6.5 1.3 1412

X
3

SIMI .041 -.025 -.182 -.091 -.166 -.165 -.145 -.163 -.1841 -.195 3.2 1.3 1473

X V0Ca .041 -.010 .023 .287 .647 ,)11 .503 .479 .509 .591 37.0 23.4 1475

X.THIA
)

-.052 .000 -.004 .107 .365 .398 .406 .448 .358 .469 52.6 22.0 1241

X
6
READ .012 .031 .033 .364 ,087 .638 .592 .585 .610 .716 48.0 20.6 1419

X,PH1S16
1

.138 .103 .001 ,145 .186 .186 .642 .588 .681 .874 40.3 21.6 1421

X CHNSTRY
6

.101 .122 .009 .290 .224 .400 .471 .569 .666 .847 22.3 1 .. 1420

iA

4
RI0LoU .04: .L0 .025 .297 .233 .15 .338 .240 .591 .791 27.6 18.9 1421

PRACTILAL
10

.120 .02 .025 .281 .066 .329 .403 .439 .266 .873 24.1 21.9 1408

A
11

J. .40 .132 .019 . ,1 .244 .481 .808 .755 .596 .720 28.8 17.8 1421

3.9 3.8 4.2 13.9 42.3 16.3 18.2 10.3 12.0 6.4 11.7
......._ ____

s: 1.7 2.0 1.1 22.0 ,1.8 11.7 16.8 16.4 13.4 14.4 11.1

f kcEs 1208 1238 Lt24u71 1091 1289 1271 1264 1277 1221 1277

ta) tiglish data abeve diageral; India data helm the diagimil.
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Table B2. England/India comparisons of the structural coe:ficients fo
Ordinary Least Squares: (I) Regrescion Coefficients, (II)

Independ-
ent
iaVar bles

DEPENDENT
VOCAB(X4) THINK(X5) READ(X6) PHYSICS(X7)

I II III I II III I IT III I II I III

FATHOCC 3.745 .281 .349 .400 .032 .377 .990 .084 .271 .850 .069 .287
.656 .051 .408 -.839 -.065 .434 -.106 -.015 .218 1.125 .114 .296

X
2

PARED .761 .043
-.311-.028

.459

.351
.515
.271

.031
.025

.477

.374
.379
.241

.024

.041
.343
.188

.254

.470
.015
.C55

.361

.254

1

X
3
SIBSZ L2.359-.130

.411 .020
.463

.602
-.586
-.064

-.034
-.003

.485

.640
-.503
.293

-.031
.027

.349

.321
-.543
-.283

-.035
-.018

.368

.435

X, VOCAB
a .252

.109
.267

.110
.028
.031

.493

.190
.558

.360
.021

.016
.123
.167

.133

.220
.026
.023

X
s
THINK .77

.026
.189

.048
.021

.016
.177
.110

.160

.143
.023
.022

6
READ .480

.419
.458
..7.91

.030

.043

Residual .939 .956 .733 .736
.998 .992 .929 .874

Constant 26.938 40.678 16.730 1.193
15.653 42.744 9.848 -1.472

100R-
,

11.733 8.626 46.334 45.693
.003 1.524 13.725 23.642

_

4 5
a) Statistics for England on the upper line; statistics fcr India cn



Table B.3 Total Causal Effects of Predictor Variables for Scholastic
Performances in the Natural Sciences: England/India
Comparisons for Male Pupils (a)

(1)

Independent
Variables

X FAT11OCC
1

(2)

Dependent
Variables

(3)

Total Indirect
Effects Through
Intervening
Variables

(4)

Direct
Effect

(5)

Total
Causal
Effect

X
4
VOCAB

_ .281

.051
.281

.031

X,THINK
a

.075

.006
.032

-.065
.107

-.059

X READ .177
.015

.084

-.015
.261
.000

X
7
PHYSICS .175

.003
.069
.114

.244

.117

X
s
CHEMISTRY

.171

-.008
.024
.069

.195

.061

X
9
BIOLOGY

X
10
1'RACTICAL

.167

-.004
.040
.026

.054

.079

,207
.022

.224

.082

.170

.003

X
11
SCIENCE .201

.003
.058
.103

.259

.106
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Table 8.3 cont'd.

(1) (2)

X
2
PARED

X
3
SIBS2

(3) (4) (5)

X
4
VOC AB

- .043
-.028

.043
-.028

X THINK
5

.011

.003
.031
.025

.042

.028

X
6
READ

.032

.011
.024

.041

.056

.052

X
7
PHYSICS

.039

.025
.015
.055

.054

.080

X
8
CHEMISTRY

.038

.025
.044

.088
.082
.113

X
9
BIOLOGY

.01,

.019
.064
.038

.102

.057

X PRACTICAL
10

.03(,

.019
.059
.058

.095

.077

X
II
SCIENCE

.045

.008
.052
.086

.097

.094

X
4
VOCAB

-
-

-.130
.020

-.130
.020

X THINK
5

-.035
.002

-.034
-.003

-.069
-.001

X6 RLAD
-.085
.001

-.031
.027

-.116
.028

X
7
PHYSICS

-.111
.004

-.035
-.018

-.146
-.014

X
8
CHEMISTRY

-.082
.003

-.022
-.004

-.104
-.001

X BIOLOGY
-.079
.004

-.041
.015

-.120
.019

X
10
PRACTICAL

-.080
.004

-.057
.010

-.137
.014

X
11
SCIENCE

-.092
.012

-.047
.000

-.139
.012



Table B.3 cont'd

(1)

X
4
VOCAB

X
5
THINK

(2)

12

(3) (4) (5)

X
5
THINK -

-
.267
.I10

.267

.110

X
6
READ .050

.005
.558
.360

.608

.365

X
7
PHYSICS .327

.122
.133
.220

.460

.342

X CHEMISTRY
8

.290

.139
.177
.150

.467

.289

X
9
BIOLOGY .299

.087
.132

.209
.431

.296

X
10

1'RACTICAL .294
.096

.161

.181
.455

.277

X
11
SCIENCE .367

.154
.178

.264
.545

.418

X READ
6

_

-
.189

.048
.189
:048

X
7
PHYSICS .087

.014
.180
.143

.267

.157

X
8
CHLM1STRY

X
9
BIOLOGY

.073

.016
.206
.183

.279

.199

.071

.009
.259
.199

.330

.208

x
10
PRACTICAL .080

.012
.141

.029
.221

.041

X
11
SCIENCE .092

.017
.225
.190

.317

.207



Table B.3 cont'd

(1) (2)

X
6
READ

(3) (4) (5)

X
7
PHYSICS

-

-

. .458

.291
.458
.291

- .386 .386X
8
CHEMISTRY _ .325 .325

_ .378 .378X
9
BIOLOGY _ .179 .179

-

- .421 .421X
10
PRACTICAL

- .257 .257

- .487 .487X
11
SCIENCE

- .365 .365

a) Statistics for England on the upper line. Statistics for India on
the lower line in each instance.
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Table 8.4 Within - Country Rank Ordering of Total Causal Effects of Predictor Variables on Endogenous Variables: -

England/India Comparisons. (a)

RANK ORDER

Predictor VOCAB THINK PHYSICS CHEMISTRY BIOLOGY PRACTICAL SCIENCE

X FATHOCC
1 1

.281

.051

2

2

.107

-.059

2

5

.261

.000

4

4

.244

.117

4

5

.195

.061

4

5

.207

.022

3

3

.224

.082

4

4

.259

.106

X
2
PARED

.043 4 .042 5

2

.056

.052

6

5

.054

.080

6

4

.082

.113

6

4

.102

.057

6

6

.095

.007

6

5

.097

.094
-.028 .028

X
3

SlBS2
-.130

.020

3

4

-.069

-.001

4

4

-.116

.028

5

6

-.146

-.014

5

6

-.104

-,001

5

6

-.120

.019

5

5

-.137

.014

5

6

-.139

.012

X
4
VOCAB

1

1

.267

.110

.608 1

1

.460

342

1

2

.467

.289

1

1

.431

.296

1

1

.455

.277

1

1

.545

.418

X
5
TAINK

3

3

.189

.048

3

3

.267

.157

3

3

.279

.199

3

2

.330

.208

4

4

.221

.041

3

3

.317

.207

X READ
6 2

.458

.291

2

1

.386

.325

2

3

.378

.179

2

2

.421

.257

2

2

.487

.365

(a) The total causal effects are to the right of the rank order figures in each column. Note that these total

causal effects are relative not absolute totals. The underlined TCE's are considered to be of negligible

substantive significance.
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Table B.5 Correlations Between the Residuals of the Natural Science
Outcomes: India/England Comparisons (a)

Variable X
7

X
8

X
9

X
10

E .370 .272 435X
7
PHYSICS

I .315 .189 .272

E .642 .259 .430X
8
CREMISTRY

I .471 .069 .324

X BIOLOGY E .588 .569 .3039
I .338 .240 .152

E .681 .666 .591Y. PRACTICAL
I .403 .439 .266

(a) Partial correlations controlling for all antecedent variables above
the diagonal; zero-order relationships below the diagonal. Statistics
for England on upper line; and for India on the lower line.
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Table 8.6 Proportion of Covariance Between Natural Science
Performances Accounted for by the Antecedent Variables. (a)

Variable X
7

X
8

X
9

X
10

E .424 .537 .361X
7
PHYSICS

I .331 .441 .325

E - .545 .354X
8
CHEMISTRY

I - .754 .262

E - - .487X
9
BIOLOGY

I _ _ .428

E -X
10

PRACTICAL
I - -

(a) Statistics for England on upper line; and for India on lower line.
Median proportions: England = .455; India = .379.
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Figure B.1 Respecified Path Model of the Structure of Natural
Science Performances for 14 Year-Old Boys in India. (a)

X FATHOCC
1

.0

X
2
PARED

.01

e6

1.929

X
6
READ

ww 11_:
X
5
THINK

X
7
PHYSICS .874 e

X
8
CHEMISTRY 876 e

X
9
BIOLOGY .916 e

9

X
10PRACTICAL...921 e

10

(a) Path coefficient approximations may be obtained from Table B.2.
The correlations between the residuals may be obtained from
Table B.5. The model differs from the conceptual model
(Figure 1.1.) in that the S1BSZ(X3) variable has been dropped
and the VOCAB(X4) and THINK(X5) variables have been made into
source variables.
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